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Fig. 4.22  Effect of taper on lift distribution,
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Ejemplo de Diseno: Single Seat Aerobatic

With a View to Practical Solutions

il

—_—
Wright 1908 Gottingen 387 1919
" Bleriot 1909 Clark ¥ 1922
RAF.6 1912 Py
P e——
RAF. 34 1926

NACA. 2412 1933

mm"‘;m 1912 NACA. 23012 1935

R O e

Gitingen 398 1919 NACA 23021 1935
R

g
NACA. 6864-212 1940

NACA T4TAII5 1944

The historical cvolulion of airfoil seclions, 1008-1844. The lasl lwo shapes
(N.A.C.A. 86;-212 and N.A.C.A. T{TAS815) are low-drag seclions designed lo have
laminar flow over 60 to 70 percent of chord on both the upper and the lower surface.
Note that the laminar flow sections are thickest near the center of their chords.
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i Outline

= Introduccion — RFP.

= Aviones Semejantes.

= Seleccion geometria.

= Introduccion a herramientas (Software).

o Ingenieria i e~
B Aeroespacial Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 2 U=



i RFP

= Avion acrobatico con mejores prestaciones que las del
“homebuilt” Great Lakes Biplane, pero con “handling
qualities pejores que el Pitts Special.

= También se compara con el Stevens Acro
= Disefo clasico pero aprovechando las nuevas
tecnologias que utilizan compuestos para simplificar y

reducir costes de construccion (fibra de vidrio,
espuma, ...)

= Disefio que permita la rapida fabricacion en el garaje.

= Utilizacion de un motor ya preparado para vuelo
acrobatico: Lycoming 0.320-A2B

B

AVOHLHIB !AddVH

Ingenieria

— :
[} Aeroespacial
iy, — —
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i GREAT LAKES 2T-1A2

= DIMENSIONS AND PERFORMANCE
Engine: Lycoming AEIO-360-B1G6.
Fuel cap: 27 gal.

Horsepower: 180. Propeller: Hartzell C/S.
Gross Wt: 1800 Ibs.

Empty Wt: 1230 Ibs.

Payload: 384 Ibs.

Wingspan: 26'8"

Height: 7'8"

Overall length: 212"

Wing area: 187.6 sq. ft.

Wheel track: 5'10"

Wing load: 9.6 Ibs/sq. ft.

Cruise speed: (75%): 102 kt
Cabin width: 24"

Endurance: 2.2 hs.

Best rate of climb: 1150 fpm
Stall speed: 50 K.

Service ceiling: 17000 ft
Takeoff roll: 475 ft

Landing roll: 400 ft.

Ingenieria —

@ , %
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Metas de Diseno

Fabricacion rapida:

= Empleo de fibra de vidrio y espuma
Actuaciones definidas teniendo en cuenta las actuaciones de tanto Pitts S-15 y Great
Planes:

= Va2 130 knts

n Vstall < 50 knts

= Takeoff < 1000 ft over 50’

= Rate of Climb S.L. > 1500 fpm

Range = 280 nm (sin reservas)
= Vuise = 115 knts

= n=+9/-6g’s
s Wgew = 220 (incluyendo paracaidas)
= Opcional cabina abierta (utilizado para el analisis)

Cualidades de vuelo:

= Ligeramente estable para poder maniobrar.

= Buena respuesta para recuperar del tirabuzén, tanto en vuelo normal como inverso
Mision:
Despeque
Subida a 8000 ft
Crucero 280 nm con Ve = 115 knts
Descenso
Aterrizaje

Ingenieria
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‘L Diseno conceptual - Servilleta

SKETCH #(

P

e

@  Ingenieria

- : e
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Seleccion de la Geometria del Ala - 1

= Utilizando la informacion en al caﬁ)l'tulo 4 de Raymer (graficas ?/ tablas)
se determina que los primeros valores para la geometria del ala sean:

[ ] AR =6
[ )\ — 04
= [=3°(0° efectivos)
= Perfil:
= NACA 63,015 (perfil de punta)

= NACA 63,012 (perfil de raiz)

= t/c mas elevado en la punta que en la raiz ayuda a prevenir la entrada en
pérdida de la punta del ala

= Perfil sin torsion para evitar que en vuelo invertido se produzca entrada en
péerdida de la punta del ala.

= Geometria del la deriva horizontal:
= AR=4
[ )\ - 04
= Perfil: NACA 0012

o Ingenieria ) e~
B Aeroespacial Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 7 U=



Seleccion de la Geometria del Ala - 2

= Geometria del la deriva vertical:
= AR=1.5
u )\ — 04
= Perfil: NACA 0012

s Notas

= La torsion revisa la distribucion de la sustentacion
intentado aproximarla a una distribucion eliptica.
= Torsidon geomeétrica.
= Torsion aerodinamica.
= Informacion sobre perfiles:
= http://www.ae.uiuc.edu/m-selig/ads/aircraft.html

B Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es g8 Us



i Seleccion Alargamiento

fme

Cy

A=8

A=2
A=l
Table 4.1 Aspect ratio
— ——
. Sailplane equivalent* aspect ratio =4.464 (best L/D)-*
Propeller aircraft Equivalent aspect ratio
Fig. 4.18 Effect of aspect ratio on lift.

Homebuilt 6.0
General aviation—single engine 7.6
General aviation—twin engine 7.8
Agricultural aircraft 7.5
Twin turboprop 9.2
Flying boat 8.0

Equivalent aspect Ratio =aM§,,
Jet aircraft a C
Jet trainer 4.737 —0.979
Jet fighter (dogfighter) 5.416 -0.622
Jet fighter (other) 4.110 -0.622
Military cargo/bomber 5.570 - 1.075
Jet transport 7.50 0
_ T — —
*Equivalent aspect ratio = wing span squared/(wing and canard areas)

Ingenieria — . X
Aeroespacial Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 9 U



Seleccion Estrechamiento — Distribucion Eliptica

2 WING

PLANFORM

LIFT
DISTRIBUTION

Fig. 4.21 Eliptical wing.
RAYMER 1977 TOMAHAWK NACA 921
1.0 \ | l
i
0.8 \
CI12 9 UNTWISTED WING PLANFORMS
- WITH APPROXIMATELY ELLIPTICAL
L LIFT DISTRIBUTION

=]
g 06
-«
x
)
-9
= 04

0.2

L] " L
— 40
QUARTER CHORD SWEEP-DEGREES
Fig. 4.23 Effect of sweep on desired taper ratio.
Aeroespacial L

SPAN LODCATION LIFT

MEAN LIFT

1.6

1.4

1.2

L0

ELLIPTIC LOADING
TAPER RATIO
= .;\"' l-ﬂ
A=.5
s h=0
'y L 'l [ ] 1 i IS
i A ' £ 1.0
ROOT SPAN LOCATION TIP

Fig. 4.22 Effect of taper on lift distribution,

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 10 us’



fme

= Hp/T Ratio
= Pitts W/Hp = 6.4
= Greast Lakes W/Hp = 10
= Seleccionamos inicialmente W/Hp = 8

= De la tabla 5.4 de Raymer calculamos el Hp/W de forma estadistica

= Pero hay que tener en cuenta que estos valores estadisticos son para aviones en crucero, y un avion
acrobatico tiene una mision de vuelo totalmente diferente, por lo que nos mantendremos con el valor

.57 57
Hp/w = ,00% V...“ = oo'r-(iso X HS'D =.06%

ﬂ’h

or WA’#"*‘-‘?‘

entre los dos aviones usados como referencia (Pitts y Great Lakes)

Ingenieria

Aeroespacial

W/Hr=8 and Wy= PxiSO = (200 b

Table 5.4 hp/ Wy vs Fppe (mph)

hp/W,=g V<

max i C
Sailplane—powered 0.043 1]
Homebuilt—metal/wood 0,005 0.57
Homebuilt—composite 0,004 0.57
General aviation—single engine 0,024 0.22
Cieneral aviation—twin engine 0.034 0.32
Agricultural aircraft 0.008 0,50
Twin turboprop 0.012 (.50
Flying boat 0.029 (.23

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es
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i Estudio Carga Alar - 1

= Historico
= Pitts W/S = 11.7
= Greast Lakes W/S = 9.6

4.0 } WINGS OF MODERATE ASPECT RATIO (4.5)
= Stevens Acro W/S = 13.0 SO A AT
L Entrada en pérdida. " DOUBLE SLOTTED FLAP
' . Sﬂap Suﬂﬂa N o
Clmax = 091 (Clmaduppes =52 + (Clunnapes ~ 522
e e

FOWLER FLAP

STHLL H Nﬂ 'Flﬁrl ,.ij'b CLHAE ,1 CJWE L-l_ I SLOTI'L;DE_‘::;NFIAP KO FLAP
eq56) Wh &-L(cozse)s0x1.489)7 (12) =10.2 Lifge T T R

W =L = quuSCi = ¥10VaaSCL e

Fig. 5.3 Maximum lift coefficient.

TAKEOFF 3

= Despegue W/S = YapViuCl Ci | | -

FIELD

Prop: (W/S)= (TOP)oCpo(hp/ W) " |

TAKEOFE: |000 Ft. TRKEOFF =p TAKELFF FARAMETER =(20 .l

et ™ Cone (2L ) =12 ()= A9 |

eqsSy : b
) 1)'.o.fz=uoe(ﬁ% 5 WAE 4.9 e

) -
Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 12 U
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‘L Estudio Carga Alar - 2

Subida

= Se asume una velocidad de subida de 70 knots

DT

G=(T-Dyw Climb gradient = =3 —0

p - QSCDO + QS(CE/‘KAB) i QCDQ

W w - W/S

Hp/W = 1/8 and Hp=T V

K gmwAe

SINCLUDING CANARD AREA

Fig. 3.5 Wetted area ratios.

Aeroes_pacfalw

W W

W _(I/W) -Gl = VT/W) - g]* — (4Cpy/wAe)
S 2/qxAe

CLIMB 2 Assume climb speed =70kts so %-l&& Lyfp®
G-%ﬁ-g 1500/60  _ 5,4

..un
W= rrens (Jf)' ’
Assome €= .8
From sketth ,3¥t =36 < Cp & 26k, aos-s;w%
5‘353@ /gé[( M5 Z.I?.)-rj(q‘;-gn) ﬂ,“’ K_&Tiﬁﬂ]=62'

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 13 us’
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i Estudio Carga Alar - 3

s Crucero

= Para aviones con hélices, para maximizar el alcance en crucero se debe de

seleccionar una carga alar que genere un L/D elevado.

= Para aviones con hélice, la eficiencia de empuje desciende a medida que se
aumenta la velocidad, por lo que obtiene el maximo alcance cuando vuela a

la velocidad éptima para L/D tal que CDO = CDi

Ingenieria

Aeroespacial

Cruise Loiter
Jet 0.866 L/D,,,, L/D s
Prop L/Dygs 0.866 L./D,,,
Cl
aSCpo=aS 4

Maximum Prop Range: W/S = gVrAeCp,

C.RVISE : R ervise 235 Ly/RT
W5 =35 /Ir,6x.8+.02 =20

# SELECT LOWEST : WA =|0.2 ;S= 22 =i At

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es
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‘L Dimensionado inicial - 1

= Fraccion del peso en vacio
- o ol “.“ al' -—
e o st WL () 08 (o) (130) = Lo93 W'

= Esta ecuacién es para aviones en crucero, no para aviones
acrobaticos. Ajustamos al ecuacion utilizando la informacion del

Stevens ACRO

Stevens Acror Wo=[306 We= 950 Wetv, = .73

=l
Our eqution gives: % = 1.093(1300) = .533 (4ve hw“b

Table 6.2 Empty weight fraction vs Wy, A, hps B, B8, and Vo, (mph)

W/ Wy =a+ B AT hpd BT W 5y S,

[ b 1 32 3 4 5

Sailplane—unpowersd 0 075 005 014 0 =030 006
Sailplane—powerad i 1200 —004 04 0% —-020 0048
Homebuill—metal fwood 1] s 010 008 00 —008 007
Homebuilli—composite 1] .59 —000 00F 00 —005 007
Ceneral aviation—single engine -0.23 .14 —-0.20 Q08 008 —0.03 017
Ceneral avialion—iwin engine —-0.%0 1.32 -0010 008 0058 0058 0.0
Agricultural aircraft ] l.6¢ —004 007 010 0.0 0.l
Twin turboprop 037 008 <006 Q0B 008 -005 030
Flying boar ] 0.4l -0l o0 s -0 OB
. —

Use a ‘F\-é'.—'&cfw ‘o adjﬂé‘f’ ﬁ( ezu.-h‘o..'

:7 -‘l '-ol
L =(-,—,§-) 1093 W, =145 W,
A+ W, =[200Lb, We =883 Lb

. :-,}.
Aeroespacial | Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 15 U



i Dimensionado inicial - 2

= Fracciones de peso por segmentos de vuelo

= Crucero -
o =-171 Y& =985
L 1 :
D™ gCp, W _1 CRuisE s Wk =(02Y A7) 136) = 17 ; g =35 ke
W/S S grAe . 1
R =range
C =specific fuel consumption Wy _ ~(200x60%).5/3600)
vV =velocity Wy — @ Io¥xS5oxat = 953

L /D = lift-to-drag ratio

Prop: ud -exp[ -RC'”" 1

Wi, 550 n,(L/D)
aterrizaje = -N5 Ve = 974 985 4,953 £,995 =.906
W, W,
l_lr'z - l'06(1 . W) '\‘WJ%' = LO&("‘."“)' 0997 Table 3.2 Historical mission segment
? . weight fractions
(W./ W, )
w-F =200 5 .0917 = |20t (tetml) Warmup and takeof 0.970
WU;-H:. = Ilﬂ/"-ﬂi = |/3 b ?;nmd?ng ggg

Ingenieria .
Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 16



Dimensionado inicial - 3

INITAL SI(2IN6 (Rueser EN&INE)

W, Werew + Wisions CED) 220 -

- w
L= (Wy/ Wo) = (W,/ W) o= I—.0977- V. where % = L4495 W,

INPUT WOdrawn, WEdrawn, We/Wo Exponent:1200,883,-.1

INPUT CREW + PAYLOAD WEIGHT 220 FIXED —~ENGINE  SIZING

MISSION SEG TYPES = aried %ﬁ; until We =W =|200 Lb
MISSION SEG WT FRACTS .97 .985 .953 .995 ° Cole. drawn
wxexenund SIZING ITERATIONS wxsrexxesnn INFUT WOdrawn, WEdrawn, We/Wo EHFUHentHZOG,EBS-—.lI
WOG WF WE WOCALC INFUT CREW + PAYLOAD WEIGHT 220
1200.0 119.6 883.0 1222.6
1218.1 121.4 895.0 1236.3 MISSION SEG TYPES
1232.7 122.8 9N4. 4 1247.4 MISSION SEG WT FRACTS « FEZS
1244.5 124.0 912.4 1256. 4
#ued SIZING ITERATIOMNS #2#xseesss
1254.0 125.0 ?18.7 1263.7 o WOG WF WE WOCALC
1261.7 125.7 923.8 1269.5 1200.0 5.4 883.0 1198. 4
1268.0 126.4 927.9 1274.2 1198.7 5.3 8g2.2 1197.5
1273.0 126.9 931.2 1278.0 1197.7 95.2 881.5 1196.7
1277.0 127.3 933.9 1281.1
1280.3 127.6 936.0 1283.6 W
- - Qee he L= _q15
1282.9 127.8 937.7 1285. 6 urs when 37 =92
1285.0 128.1 939.1 1287.z = Solve for Wihy, To determine runges
1286.8 128.2 940,72 1288.5 e
1288. 1 128.4 941.2 1289.5 e Ao _ .28 =973
1289.2 128.5 941.9 1290.4 e D Al )
& _{.5/2500)
BuT THIS HEAVIER Wp WouLy GIVE REBUCED eqb12) :‘,—f_:.“'!?3= e IOk 50 0.8 ;R=‘?5'?300+“r
PERFORMANCE W TH A FIXep -SIZE ENGNE ! R =I58 nm,

Rﬂn}; of [5F e s fes.: ﬁfﬂ anf o 28D i Wq.
il i’ﬂir out dﬂhﬂ anguay and  tse  refined
Sizing metheds  qud pptinization 'I"L'r-hnigm to MmeRimize

range Gimel P-u-{nmnu::_ I

Ingenieria 1 7 lj?g‘

Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es
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i Layout Data - 1

= Una vez calculado el peso inicial (W,), el peso en vacio (W,), el
peso de combustible (W)

= W, =1200 Ibs, W_=883lbs y W;=120 Ibs. (112 utilizable).
= S=118 ft2, A=6, A,=0.4

b =AS
28
Crot = hT 5 0
Ctip = )\Croot
— (2 1+ N+ M\
C=|(z2 SAATN
(3)C’°“‘ I+

(3

Ingenieria

@ :
| Aeroespacial
‘ﬂ' [37] E Ml it S ’ v

b=266& =319.3 in
C,=754 &

Cyt = 30.4%

C = 5¢ 1n

7 = 68.4 |n

TAIL VOLUME COEFFICIENT METHOD

"—"LC—T— Lht ——

o
SN~—_\ N

N

Sw = WING AREA

bw = WING SPAN

Cw = WING MEAN CHORD

XA

fe— € root C tip
- - '_—.L__"-—q_

b2

h |

MEAN AERODYNAMIC

G | R

CHORD ( C )

le—— C root ——l '

C tip
Fig. 7.23 Reference (trapezoidal) wing/tail.

Fig. 6.2

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es

Initial tail sizing.
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i Layout Data - 2

La configuracion del fuselaje viene dada Dor

L= 3.5 (tz.ao)

_w#

= Para aviones con un motor de hélice montado en la parte frontal el brazo de la
cola es aproximadamente el 60% del largo del fuselaje.

L

ﬁv‘.t are

Z 607 L :la,?ﬁ-
= NOTA: para aviones con los motores en el ala, el brazo de la cola es

aproximadamente 50-55% del largo del fuselaje.
= Para los aviones con configuracion canard el brazo es aproximadamente 30-50%

= Para la deriva horizontal y vertical, el tail volume coefficient viene dado por:

Table 6.4 Tail volume coefficient

_ LvrSvr
" bwSw

Typical values

Horizontal ¢y

Vertical ¢

Sailplane

Homebuilt

General aviation-—single engine
General aviation—twin engine
Agricultural

Twin turboprop

Flying boat

Jet trainer

Jet fighter

Military cargo/bomber

Jet transport

0.50
0.50
0.70
0.80
0.50
0.90
0.70
0.70
0.40
1.00
1.00

0.02
0.04
0.04
0.07
0.04
0.08
0.06
0.06
0.07
0.08
0.09

Aeroespacial

_ LytSur
CHT = = &
CwSw
Table 6.3 Fuselage length vs W,

Length=aW§ a C
Sailplane—unpowered 0.86 0.48
Sailplane—powered 0.71 0.48
Homebuilt—metal/wood 3.68 0.23
Homebuilt—composite 3.50 0.23
General aviation—single engine 4.37 0.23
General aviation—twin engine 0.86 0.42
Agricultural aircraft 4.04 0.23
Twin turboprop 0.37 0.51
Flying boat 1.05 0.40
Jet trainer 0.79 0.41
Jet fighter 0.93 0.39
Military cargo/bomber 0.23 0.50
Jet transport 0.67 0.43

19 Uu¥

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es



(me

i Layout Data - 3

Vertical tail volume coefficient b =\AS
LyrSvyr Cc. .25
C T e— oot —
[0.8 Svr Ctip = >\Crool

CvrZ.0%= gz xiie , Sur =116 #*

1+ A

(6

—_ 2
c- @ e LEA+N

A =% JA=04

betl1 4 C,.s40§& Cp=Lb 4

= NOTA:

Horizontal tail volume coefficient

Corr = LHTSHT
HT CSw

~ _IO.SSu'r' _
Cur¥.5= 5 ; Syr=25.5 #*

A=40; A=0%

bi-":'ﬁl-ﬁr Cr:'3_£ -E Cru]'_-l'f;

= Para la deriva vertical, la distancia a lo largo de la envergadura (Y) donde se situa la
mean aerodinamic chord (c) es el doble de la calculada.

= Para una cola movil, el tail volume coefficient puede ser reducido un 10-15%

= Para una T-tail, el vertical tail volume coefficient puede ser reducido un 5% debido al
efecto de end-plate, y el horizontal tail volume coefficient puede reducirse un 5%

debido al flujo limpio de la superficie.

= El horizontal tail volume coefficient en las H-tail también puede reducirse en un 5%.

= Para una superficie sustentadora canard el método del tail volume coefficient no es
valido, y se distribuye el area necesaria para sustentacion, siendo la forma tipica

25% (canard) 75% (ala).

Ingenieria

Aeroespacial

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es
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i Layout Data - 4

= Tanque de combustible viene dado por el volumen util de combustible. Se
calculo previamente que W,=120 Ibs (todo y que utiles para el calculo del

alcance max sea un 6% menso W ,=112 Ibs)
= El keroseno (gasolina aviacion) pesa = 5.64 Ib/gallon
Wy =120 b =20 gallons =2.7 J;,z
= Tamano de las ruedas:
= Diametro de la hélice:

4
Two blade: d =22~Hp d=22/150 =77in (7)
= Hay que comprobar la velocidad en la punta de la hélice

D= i, W53 iy,

(Viphsiane = wnd /60 Table 10.5 Fuel densities (Ib/gal)
Average actual density M
n =rotational rate (rpm) obtained from engine data 0°F 100°F
d = dlamctel" Aviation gasoline 6.1 5.7 6.0
P-4 6.7 6.4 6.5
RN 7 o 7 V= IS kt = 194 Gfsec o ” ° 07
(Viphheticas = VVip + V n
T 2
\/ 94"+ (Tr n d) -é 850 f/sec (Waad P"’PJ Table 11.1 Statistical tire sizing
Main wheels diameter or width (in.)=A4 W§,
So . Diameter Width
d é S-, E;'Q' = 70 tin A B A B
Wood prope”er V.. < 950 fps General aviation 1.51 0.349 0.7150 0.312
tlp Business twin 2.69 0.251 1.170 0.216
Metal propeller V,., < 850 fps Transport/bomber 1.63 0.315 0.1043 0.480
tlp Jet fighter/trainer 1.59 0.302 0.0980 0.467
Ingenieria W, =Weight on Wheel sl
] ’ - - r"
Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es 21 U=



Layout Data

DR-1 AERDOBRAT
J
' LYedmMine O-320
.y Wo= 1200 We=/20 b
Frp LEMeTH = 208"  SParz 2’7"
I L WiNe  HDRiz. GERT.

= - S5 ng 258 1.4
— A |6 . L&
ONE i
FooT A "f. | Ly .
-J"-E,r,,_ o r g°
o
u Aeroespacial
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‘_L Coeficiente de Sustentacion - C,

= La sustentacion, y por consiguiente el coeficiente de sustentacion es funcion de
C_ Y el angulo de ataque (o).

= La pendiente de la curva de empuje se ve modificado con el alargamiento, siendo el
valor teorico para toda ala con alargamiento « = 2x

= Dicha pendiente tiene que ser corregida para el alargamiento de cada ala por lo que
deja de ser el teorico 2.

= Métodos analiticos para determinar C_, en funcion de:  sussonic 2-p

. . SUPERSONIC 2-D
= Alargamiento. THEORETICAL THEORETICAL
= Area expuesta del ala. CL, € =gt Cr =t
= Mach A T ta ™ =T
= Factor de sustentacién del fuselaje. |
« Flecha. 10 i TYPICAL UNSWEPT
= Eficiencia aerodinamica del perfil. 9 , JIGH ASPECT RATIO WINGE
= Método diferentes para subsonico y supersénico s | THIN AIRFOIL
EFFECT OF CAMBER EFFECT OF ASPECT RATIO 7 ' Tk Al
CL C, TYPICAL SWEPT WINGS
- - Mcl-m\x

ASPECT RATIO

HIGH ASPECT RATIO
LOW ASPECT RATIO

o 4 T v . r
0 5 1 1.5 2.0 2.5 3.0
MACH NUMBER
Fig. 12.4 Wing lift curve. Fig. 12.5 Lift curve slope vs Mach number.
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i Importancia del C,_,

= C,, se necesita en el disefio conceptual del avion en tres
etapas primordiales:
1. Correcta seleccion del angulo de incidencia de las alas.

= En aviones de transporte es primordial que durante crucero el suelo
este nivelado.

= El angulo de incidencia influye en el angulo de ataque del fuselaje
durante despegue vy aterrizaje.
Altura Tren de aterrizaje.
Envergadura del fuselaje detras del ala.

> Método para obtener la resistencia debido a la sustentacion para
aviones con requisitos elevados en las actuaciones.

. Analisis mas detallado de la estabilidad longitudinal del avion:
= Balance pares y momentos

= C_, disminuye con alargamiento.

= Al disminuir el alargamiento, la habilidad del aire para escapar por las alas
previene la entrada en perdida incluso a angulos de ataque elevados.

= C_, disminuye con el aumento de flecha, y los efectos son similares.
o Perfiles actuales tiene un 90-100% eficiencia aerodinamica del perfil

(m)

0 Influencia con el Mach
o Alargamiento del ala al incluir wingletsy enaplates.

Ingenieria .‘m’"f‘
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IO.!I:,' A
Typical winglet section Sasten A ‘]F i
.y 10
Upper surface 8
-eig;—_jﬁ .
T &
Winglet i, deg Span, A = ¢,
Lower, tip _1q4
10% = &b
Dihedral
|
T
Figure 4.35 Winglet geometry. Tip extension
K| = 5%
1.0 | L J
1.00 1.04 1.08 112

“r.-l-/"r, b

Figure 4.39 Comparison of tip extension and winglet when added to an un-
twisted wing.

] Ingenigria — i s
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i Estimacion ¢, - subsonica

Endplate: A.qecive = A(1 + 1.9 h/b)

Winglet: A.freaive = 1.24 Flecha maxima en la cuerda
\
27A S
C, = ., exposed
o A*p? tan’A ( Stret )(F)\>
2 + 4+_Tq (l +—2_m“') F = 1.07(1 +d/b)2

g
C / Factor de sustentacion del fuselaje
p = d — didmetro del fuselaje
2n/83
Eficiencia aerodinamica del perfil

Ingenigria —
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i Otras influencias del ¢,

= Hay que considerar otros aspectos de la generacion
de sustentacion

= Efectos no lineales de la sustentacion

= En alas con una flecha elevada, o alargamiento, el aire se
escapa alrededor del borde de entrad de la flecha o en las
puntas generando vortices bastante fuertes que crean
sustentacion adicional que varia proporcionalmente con el
cuadrado del angulo de ataque.

= Muy dificil de estimar.
= Maximo empuje (configuracion limpia)
= Solo valida para configuraciones moderadas de alargamiento

Cr 0 =0.9C, . COSAg s,

= Correccion para alargamiento bajo y elevado

= Maximo empuje con superficies hipersustentadoras
= Incremento de sustentacion.

JJJJJJJJJJJ
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i Aerodynamics - 1

= Determinacion de las caracteristica aerodinamicas teniendo en cuenta las
areas mojadas y expuestas del dibujo conceptual.

= Obtencion del maximo coeficiente de sustentacion, teniendo en cuenta la
penalizacion de la flecha:

Cr,..=0.9C, . cOSAgas Clp ™ -1 Cy,., =(1-3f)’0.?)= r2

= Pendiente de la curva de sustentacion:

- S
2% A Sexposed 2 bx 3o F
Cra= ( S ) #) S = 6 . = 4.37%,837x1.33
AZBZ tanzAmu, ref “ 2+ 4_'_ L(‘_'_-h-.a)
2+ 4+ —?r 1+ '_—Ez— A5 (
Cf“ Cl_ = 4 35 per mdien = ,0F5 per ree
B=1-M "= 3%/8 F =1.07(1 + d/b)* . v

Ingenieria ) )
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Coeficiente de Resistencia - C;

= La resistencia esta compuesta por:
= Friccién
« Flat plate friction
= Profile

= Roughness
= EXcrescences

= Interference
=« Tren de aterrizaje.
=« Gondolas
= Protuberancias.
= 3-D efectos
Efectos de compresibilidad

= Inducido
= Las dos componentes mas importantes de la resistencia
aerodinamica son la friccion y la inducida.
= Se suele simplificar la obtencion de la resistencia
utilizando tan solo estimaciones para la resistencia de
friccion y la inducida.

Ingenieria

Aeroespacial

Flat—plate friction

Profile (ACp,)

Roughness

Excrescences

Interference
Three—dimensional effects

Compressibility (ACpy)

Induced (C,?/TAR)

HUUUUUU

0 20 40 60

le— PROFILE DRAG

% of total cruise drag

Figure 4.34 Typical drag buildup for jet transport.

_..I.._VDHTEX DRAG
elliptic wing
1

ru:n-'e_llluld

LIFT COEFFICIENT
T

0 0 J 03 04
DRAG COEFFICIENT

Fig. 11-2. Drag buildup by analysis

(w=wing; f = fuselage; e = engine instal-

lation; v = vertical tailplane; h = hori-

zontal tailplane)

Calculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es
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i Coeficiente de Resistencia - C,

= Hipotesis simplificada
= Polar parabolica de coeficientes constantes

= Solo influye los términos de resistencia de friccion y la

resistencia inducida Uticambered: Cp = Cp, + KC}

Cambered: Cp = Cp;, + K(CL — CrL i arag)”

= Donde la eficiencia aerodinamica o “"Oswald Efficiency”, lo
que hace es reducir efectivamente el alargamiento del ala lo
que incrementa la resistencia inducida por la sustentacion

1 Straight-Wing Aircraft: e = 1.78(1 — 0.0454°%)—0.64
K=—
mAe Swept-Wing Aircraft: e =4.61(1 —0.0454°%*)(cosA, )" "* — 3.1

(A > 30 deg)

Ingenigria '-;-,:..
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‘L Coeficiente de Resistencia - Cj,

La resistencia de friccion (parasite drag) se
conoce como la resistencia en la que la

Table 12.3 Equivalent skin friction coefficients

S

sustentacion el cero. Cop=Cagy C-subsonic
Para alas sin curvatura, equivale al valor Bomber and civil transpor 0.0030
7 . . . Military cargo (high upsweep fuselage) 0.0035
minimo de la resistencia . Air Force fighter 0.0038
; . MNavy fighter e 0.0040
Metodos para estimar Cp,: Ligh sirraf—singl ngine. o
= Método de la equivalencia de la superficie de pinaane oo e
friccion Jet seaplane 0.0040

Coy = C, Sue
‘ S“‘f L UNCAMBERED Cy, CAMBERED

= Método del coeficiente ae piaca plana (F/at-
plate) de superficie de friccion mediante

Form Factor Factor de interferencia

\ Miscelaneos
94

E{CfrFF

CAMBER DRAG

AT ZERO LIFT
/ \ Fig. 12.3 Drag polar.

Leakages and protuberances

(CDO)mbmnh + CD L&P

Coeficiente de friccion

Ingenieria

. R
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Método del coeficiente de placa plana - 1

= Calcula el coeficiente de resistencia de
friccion para cada parte del avion utilizando
una resistencia de friccion basada en el
método de placa plana, y luego los suma
todos

= El coeficiente de resistencia (C;) de friccion
de placa plana depende de:

= Numero de Reynolds.

= Mach.
= Superficie
s Puede ser turbulento o laminar
Lan'lil'lal': C}' = 1.3281‘,& R _ PF-E'J#
Turbulent: Cr=- 0.455

(logioR )*** (1 + 0.144M7%)0 &

= Caracteristica de la superficie afectan al
numero de Reynolds

Subsonic:  Roer = 38.21(8 k) 05

Transonic or Supersonic: Reaor = 44.62(&/k)' "M 1*

Ingenieria

Aeroespacial

. Transition Turbulent boundary layer
Laminar boundary th/"_'
——

0.01 \"\\
N .
urby,
G Ry, G Qc?;"?“"bl-
¢ (50 log,o #)~258
.. ”
z -
% 0t
0.001
10 2 4 6 Bjo° 2 4 6 B 08 2 4

vi
l,'—v

Table 4.3 Typical Total Skin Friction Coefficient Values for Ditferent Air-

plane Configurations

Airplane Configuration

Cr Range at Low Mach Numbers

Propeller driven, fixed gear 0.008-0.010
Propeller driven, retractable gear 0.0045-0.007
Jet propelled, engines pod-mounted 0.0035-0.0045
Jet propelled, engines internal 0.0030-0.0035

Table 12.4 Skin roughness value (k)

Surface k (fe)

-5
Camouflage paint on aluminum 3.33x10

Smooth paint 12: » :g_;

Production sheet metal ':1].5':I i o
i 1 .

Polished shect meta s

Smooth melded composite
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Método del coeficiente de placa plana - 2

= Form Factor (FF)
Wing, Tail, Strut, and Pylon:

0.6 [t r\* , 2
Fuselage and Smooth Canopy: FF = [l + (—) - 100(5) J {1.34M° ¥(cosAn)" '”]

(x{¢)m \C
60
FF = (] +7§+-——Ifnu)

P P Ubicacion del maximo
d V(@4/7) Anx grosor del perfil con
Cog § respecto a la cuerda
Nacelle and Smooth External Store:
LEAKS &
FF =14 (0.35/)) PROTUBERANCES
MISCELLANEOUS
/ WAVE | DRAG
—_r Sh—
= Factor de interferencia (Q) __FORM & INTERFERENCE
= GoOndola Q=1.5 I
= Ala sin carenado Q=1.25 i rricTion | pRAG
= Colas Q=1.02.. |
= Resistencia Miscelanea 0 . -
= Tanques de combustible externos ! Moo 10 12 MACH NUMBER
= Resistencia Leakage and protuberances Fig. 12,30 Complete parasite drag vs Mach number.
= Antenas, puertas, bordes, carenado de superficies de control, defectos de
construccion...

Ingenieria
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Aerodynamics - 2

= Calculo de la friccidn parasitaria (asumiendo que todo el flujo es
turbulento)

Use WV=100Kkts = 49 'ﬁﬁ h-SCQ level To determive frichon Ce
So M= IS-;AJ.’O‘S?]:ID

= Fuselaje:

A=22 ¥ R/ = 6.38

R =pVp Reuort = 38.21(&/k)*

Reymokds # ' R=23,916,000 Revtof = B4,IS3000  (sivy Swooth paint)

455 ’
Turbulent: C; = 0.455 - e - DOLE
77 (10g1oR P (1 + 0.144A17)055 s (lg,,mlqoob‘fr(l + .m(.ls)")“ -
60 S
&0 38
FF = (1+T5+d00) FF:H".“:{- %—=L15‘
(CD[]JM = E(CfrFEQ‘S“lr} + CDmiw + CDL&P Table 12.4 Skin roughness value (k)
) Surface k (Ft)
= = Camouflage paint on aluminum 3.33% 10'_5
Swet = It & Smooth paint fggi tg_:
Production sheet metal . i
C Po == ,0026 » L25« I‘*Als = .00%6 Polished sheet metal 0.50% lg_:
‘F‘u"h’ « Smooth molded composite 0.17x1
;\gg;gespacfal f
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‘L Aerodynamics - 3

Wing
L=T = 4.67 & QAverage y 773 =13.5%
R =pV/p R:;;to‘
T et
Reuorr = 38.21(&/ k)" 053 RQM =1&.46x
Turbulent: C; = 0.455 Ce =.003%

(10g0R Y% (1 + 0.144M12)065

FF=[1+ 0.6 (I) IUG( )T {1,34M0-'“(mm,,,)”-ﬂ FF= [I'I‘ (lis')-r-:oo( 135) I[H‘f-(l.f) _] [24

(x/C)m
Swer = 202.3 £°% = ng £l
{C' 0} - E(Cft_FFchSw:lr} +Ch . +C ¢ Q 1 usjj | ﬁs
D subsonic S.et D mise Dpap C.‘b = 0034 2% 25_;_3/“’ = ,mTl
lw-:j
Ingenieria .
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‘L Aerodynamics - 4

= Deriva vertical y horizontal se analizan simultaneamente ya que
tienen cuerdas medias (¢) y t/c similares:

'Q"‘Cm.,.,._“zo" 2 =12.%

R = P Vf/p ‘Rcutoff = 38.2](”,{)'053
R+ 3x(0° Revtoft = 9.6 x 10

T e 0.455
urbulent: C; 0810k P (1 + 0. 1440750 Cg =.0037

FF = [1 4 06 (E) N Im(g)‘l {L“Mu.m{ms ﬂm}uﬂ FF =[|+5§(.tz)+|oo(.u.)’_.l[l.3'+ (.:s')"'} =1,20

(x/CYm \C

£(C; FF.Q.Su. _ | _
{Cﬂujmbmmc = ( Je Sf{?“s lf]l + C-Dmisl: + CDL&F Cno-h;h -_— -0037 I-Ll, 60 6/”: ,wza (+lo% #yf-‘#-mg

Ingenieria
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‘L Aerodynamics - 5

= Gear Drag

Tire fotel area = 103 &% ;00 <(03 5,13 =.13¢ §°
Sttt froctal area =0.67 G‘;Dh:d.l?x.ﬂf-,OB &

Add 20% for interfreace so Cp, = Lz,(.l;ﬂf.ﬂﬂ%;: 0020
Qear

= Cockpit Drag

Erotal Area= 1.8 “"t"; Cp°= 18x 5 /ll"'—? 0076
opetn Cochpit

= Total parasite drag:

= CD0=CDO0¢ ¢jaget CDOyingt CDOyjs+ CDOGeqrt+ CDOoypir+= 0.0238

(sum plus 5% For leaks & protvbences)

Table 12.5 Landing gear component drags

g, = uzr( .0;33) =.0250 (Aers)

D/q

Frontal area (Ft?)

Regular wheel and tire

Second wheel and tire in tandem
Streamlined wheel and tire
Wheel and tire with fairing
Streamline strut (1/6 <t/c<1/3)
Round strut or wire

Flat spring gear leg

Fork, bogey, irregular fitting

0.25
0.15
0.18
0.13
0.05
0.30
1.40
1.0-1.4

Ingenieria i
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i Aerodynamics - 6

= Cooling Drag _ \m2(s19)" _ 98 a2
| B4 o) YL < T
{qu:]cnnling = [.49 b 1{]_1) blh%r_ ' ﬁ-z ~
se Cp, . = 0024t at V=5 ktx  (s=ll, 50
cosling

I}norc. change at other speeds)
= Misc Engine Drag:

= Incluye la refrigeracion del aceite, la toma de aire, los tubos de escape, y el resto
de partes.

= Para tomas de refrigeracion y el resto de partes bien disefiados se puede estimar

Su resistencia parasitaria con:

2
(D/q )eooling = (4.9 X 107 B bh+VT— , ft? T = air temperature, deg Rankine

V = velocity in ft/s
(D/q Imise = (2 X l'u_q} bhp, ft?
= Mientras que para un avion ligero, este valor estimado se puede hasta triplicar
ey 1) By, =(zx0")is0 = .03 &
C - 08/, = _000
b.m."- A& 3

TOTAL BARASTE AND ENGNE DRAG:
Cp = .0250 +.0024 +.0003 = ,02.77

Ingenieria
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i Aerodynamics - 7

= La eficiencia aerodinamica o “Oswald Efficiency”, lo que
hace es reducir efectivamente el alargamiento del ala lo que
incrementa la resistencia inducida por la sustentacion

Unicambered: Cp = Cp, + KC}

Cambered: Cp = Cp,;, + K(CL — Cp dﬂg}}'

1 Straight-Wing Aircraft: e = 1.78(1 —0.0454°%)—0.64
K=—0
TAe : ‘ 0.68 0.15
Swept-Wing Aircraft: e =4.61(1 —0.0454 ")} cosA, )"~ — 3.1

(A[ E - 30 deg)

.bY
e-: 1.73[ | - 0.045 (0) ]—0.6‘!- =0.87

\ .
K.-: Wn: 0,06|

Ingenieria
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‘L Propulsion - 1

= Diseno a medida:
= Hélice de madera, 2 palas, paso fijo, D=70 in.

Advance Ratio: J = V/nD

. P 550 bhp
Power Coefficient: CP_anD’— on D’

Thrust Coefficient: ¢y = T/pn’*D*

Speed-Power Coefficient: cs = V Vp/Pn’

Activity Factor:

10° (% 10°
AF e blade = 53 cr’ dr = 163“‘ [0.25 — (1 — N)0.2]

Jo.1sr

V V
Propeller Efficiency: 17, = 7;, = SSgbhp= E‘i

Thrust: T = 330 bhp 7, b‘l:p mp _ €r 350 bhp
Cp nD

T = thrust (Ib)

V = velocity (ft/s)

P = power (ft-1b/s)

bhp = brake horsepower

n = rotation speed (rev/s)

D = propeller diameter (ft)

c = propeller airfoil chord (ft)

Ingenieria
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‘L Propulsion - 2

= On Design

5% 1.689 -
J= % =m =. 74 e But  woeden propeller reduces ’?F by 0% _ while
(150 0.06 2-blded 75 absrt 29 petter than 2-bladed
C'P ‘Pn‘b ) data  proyided by ‘Fu'-]m 2.9

2p= 09x103 x (84)= 79 (on-desiyn at ISKY

= Off Design: ajustar la informacion en la condicion de vuelo de disefio

h / 1N
90 \
TYPICAL 3-BLADED PROPELLER

Cp ACTIVITY FACTOR = 100 \
BLADE DESIGN Cy =0.5

80
S 4 . . " /
s . ' (p)aesign
4 1

N
2
50 -
" |
0 + + . hr %0 P 70 80 90 L0 110 120 130
0 2 4 6 8 10 12 14 16 18 20 22 24 26 2.8 T sesgn
J
i Fixed-pitch propeller adjustment.
Fig. 13.9 Forward flight thrust and efficiency. (after Ref, 50) Fig. 13.10 - Fixed-pite |

= Aero al i i R steban@us.es 41 U¥
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‘L Propulsion - 3

s Static Thrust:
T, <2.5

- 55D (150) ' ine 3-hiedd
T=550 bhp 7, =C__r550 bhp TSTII"‘F(_ =2.5 _hF(_ = 7% Lb (asmmj 32-b )

Vv Cp nD
AN

® 2Z-bleded  propelle- hes 5% fess

4.0

eRut this s for a variable PH'LL. Propeﬂer’ which

3
d-mnjcs T a fat blede angle at gttic condifrons_ g: '
()

o [nsTead | assume the State Fhust cgmk the hlf,ht.d‘

‘Fm'l( Throst valve Sfowwd abeve (see p‘q‘f) 2.0 7

(dee assumption - beffe- o uge ‘F"?““P'.*"' d“'h'")

Lo 1

Ingenieria

stahc throsT  thos:

TYPICAL 3-BLADED PROPELLER
ACTIVITY FACTOR = 100
BLADE DESIGN C; = 0.5

.10 .15 .20 .25 .30 35
Cp

Fig. 13.8 Static propeller thrust. (after Ref. 50)
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‘_L Propulsion - 4

THRUST ws. VELOCITY

1.558
Moettective = ﬂ'p[] P ;Eﬂ E{E};chtjwashcd]

T™HRUST - =B
" - &gﬁ] Bows v weune Bl
DRAGS OR PRoPwASH

‘fpa - \Theerctiial

N
2o ¥ ~a ' CORRECTION FOR PROPWASH DRAG EFFECT :

+o Stmtic \la\u.\ \Vﬁkmu PITLH  MaTAL i W m h"‘i zu ﬁ‘l
‘OD § ~ - .‘WE::;EK eron 1, 139 : _ Lm
~F ' . qmn} '{ —-'% ]-*-—;);(.Dﬂ'-}rzé!-' = .‘i.f%P

20 1 ~<_ | Pe fFe ctive (4

ALsunEDd - = - - : .
Hoo /:wp roco- -~ ~r— _ 'n“".r mmﬂ'ﬁ‘hl = ﬂ;“n”“u‘:.m'u
2o0 CALCVLATED ~fm PRIrLEN. - abave

Mp =78 X FIXED -PITCH  (ORMELTON I

201 :’7-9 =7
[” 4 il

1 t 1 t 4+ t + ¥ + + +
lo 20 30 4o 50 ko 70 &0 Gqo o ho lw 130

\~-kts

Ingenieria
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Weights - 1

fme

= Estimacion de pesos para aviacion general

0.6 :
W ing = 0.03650-758 g0.003s A 0.006y 0.0¢f 100 £/ 93 '
g fw (COSZ VAR A rTe (N W)

W -ms(ui)’ )(+s) (4 (":,E'o (?x!z.oo)a 168 Ls

Whonmnlal"o 016(N W, )0414 0, masos% 100 I/c 0.12
cosA

A 0.043 o
X cos?Ay, M

g = 04 (e "] o5 20 5 " 200

cos 10
erlm. =0. 073(1 +0. zf—])w W) V6012280 a?,(lfgs;/f) ~0.49
. (cols‘::'\,[){J " A
Wer = 073(1 203205 (48] tzz(l“).”-" = 3—) )

039
(4 =15

Ingenieria ; “i
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Weights - 2

quselag: — 0052 S} U%(N: st)o. ”TL;_ 0.051 (L/D) - u.mzq 0.241 s meﬁ

W, =.052( |6-|)lm(7slw)"7?( :qo]' “'(ngm(qs)'m =I5 Lb

W main landing — 0.095(N, WI)O'MS(LM/ 12)0409

gear

W;-;: =.,095 (le‘wO).m (25/;1).“" =69 w

Winstalled engine — 2.575 nggnNen
(total)

g2
Winshilled = 2.575 {1??.) = 852 b =This seems
Eh_’p'ng.
oo highi mble 152 giws Wit =(.3(272) =380 Lb
by

0.363
Wiael system = 2.49 Vf-m(ﬁ) N 0242\ 0.157
I I

16
Tk N 3

=249 (20 =772 Lb
b P

Ingenieria
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i Weights - 3

Table 15.2 Approximate empty weight buildup

Transports General Approximate
Item Fighters and bombers aviation Multiplier® location
Wing - 9.0 10.0 2.5 Sexposed planform 112 40% MAC
Horizontal tail 4.0 5.5 2.0 Sexposed planform fi2 40% MAC
Vertical tail 5.3 5.5 2.0 Sexposed planform fi2 40% MAC
Fuselage 4.8 5.0 1.4 Swetted area it 40-50% length
Landing gear® .033 .043 057 TOGW (lb) -

.045 Navy

Instailed engine 1.3 1.3 1.4 Engine weight (Ib) -
“All-else A7 A7 10 TOGW (Ib) 40-50% length

empty’’

%

*Results are in pounds.
®15% to nose gear; 85% to main gear.
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Weights - 4

Ingenieria

Aeroespacial L

Wiagne = 0.053L" 5BV (N, W, x 1074280

controls

37 2
Weigu+ =053 (ﬁg-)tm (ﬁ;;_‘-'-) (4x200x6") =500
Controls

u/eleclrical = 12057(qud system + lfVa\d'ii:'rlil:s)o'51

Ry
wtlt-.*r-:u; = [2.57 (22 tWay) =T3 b
Ly from  raxr !aﬂ'h}l-

Wavionies = 2.117 WiP?

.Q Az
Wav =2.07 Wmn.e 2.17(5) =5,
Ly From date in Ref. (1

Wehimipbing; & 20 b (From dete 1nReb. 1)
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i Weights - 5

WEIGHTS TBY OTHER METHODS

CESSNA MeTHops  (Ref. )

w._,.-.,=.ow7w S n A =225 Lb

Wt = .DSS'HO Sh Al:]' 1::?—60 b

Wyr = .108 w;“? \tl' “2 -TW(‘O‘AM) = (7.7 L

Ref |0 MeETHOD

w;.,,:zooK-"’—P-j (lm #:-P-x )'m] = If4 Lb

Wio hecelle

Wheate ©2.5\/Hp =31 Lb

COMPARSON TO ACTUAL ATA (RedIl)

Welectricat = 40 Lb

Wgear = (_J::)wo_,o.ﬂ-(nco) 64 LA

Lbﬂvm',g of C-180 aud
L=19A valves

Ingenieria

Aeroespacial Célculo de Aviones © 2009 Sergio Esteban Roncero, sesteban@us.es



‘L Weights - 6

WEIGHTS  ADJUSTHENTS & BALANCE
As discossed in Chapter 3, fiberglass  homebuilts

have reduced weight dve to design differeaces, noT

dve To composite construction , Nou'l’ﬂdcn, we will
vse the Factors im  fabk 5.4 to estimate the

weight  Saviugs for each (Omponent,

ADIOSTED WEENT: SEECTED DISTANCE . =‘______Ilﬂe 15.4  Weights estimation *‘fudge factors”
Fupse — — =
CorwonenT Facrr  Ch 15/ he- Methods WEWKT  To DaTTm Category Weight group Fudge factor (multiplier)
Advanced ] i
a0 104 / 128 130 L HE . Wing 0.85
t;i’szaeE ‘g5 143/ 175 160 70 composites Tails 0.83
HORTAIL  .B3 17/ 4§ 40 210 Fuselage/nacelle 0.90
VERT.TAL .83 27 13 15 21—:‘ ~ Landing gear 0.95
ENGINE st 852/ 380 380 _ _ Air induction system 0.85
CEAR .95 66/ 57 60 ) Braced wing Wing 0.82
FUEL SYS. — 22 22, ?g Wood fuselage Fuselage 1.60
FL. CONTROLS ~— 5 5 40 Sle_el tube fuselage Fuselage 1.80
ELECTRICAL = 13 /40 40 50 Flying boat hull Fuselage 1.25
AVIONICS - 9.5 10 100 —————————————
FURNISHINGS = 20 20
PILOT 4 CHUTE 220 &8s
FUEL (Avaible, if Wo=12.00 Ls) a8 59

S We= 1200Lb @ 63.3in
MOST-AFT C.G 15 NO-FRLE Wy puor=10Z L@ 645 in

¥ Mensvred from back of Spwner ~see drawing

Ingenieria
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* Definiciones Geometricas - 1

fme

LS 0
b2 b
Yy = —— d = —
y ,LSJ Cueydy = ng 5
2 b2
F = —— C d
2 CLSI Lz ay

where b = wing span

¢ = local chord
C, = total lift coefficient

C,, = local additional lift coefficient, proportional to C,

m,. = pitching moment, per unit span, about aerodynamic center (Fig. C.4)
S = wing area
y = spanwise coordinate of local aerodynamic center measured from axis of
symmetry
x = chordwise coordinate of local aerodynamic center measured aft of wing
apex
z = vertical coordinate of local aerodynamic center measured from xy plane

7, = lateral position of the center of pressure of the additional load on the half-
wing as a fraction of the semispan

Y

C,, = local basic lift coefficient, independent of C,, x

C, = C, + C,, = total local lift coefficient

Ingenieria —

Figure C.1 Local acrodynamic center coordinates.
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‘_L Definiciones Geomeétricas - 2

= Para flujos ideales en 2D se asume que n=0.25 para subsoénico, y n=0.5 para
supersonico.

Ingenieria

Aeroes_pacfalw

X=nc,+ytan A,

where ¢, = wing root chord
A, = sweepback of nth-chord line, degrees

\

1. In (C.1,2) replace C, by C,, and for x use the coordinates of the 4-chord line.

2. 